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Introduction|

Problem:

In mountainous terrain, reflections from adjacent slopes can change the
apparent reflectance of a pixel.

see e.g. Dozier and Frew (1989), Proy, Tanre and Deschamps
(1989), Kawata et al. (1992)

Other Terrain Effects :

e effects of slope angles

e terrain height effects on the path radiance

Goals :

e get more insight into the effect of reflected light from adjacent terrain

e simple wedge model includes multiple reflections
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Viewer AI

Figure 1: Geometry of a wedge

Wedge Geometry]|

We note that the points on the Wedge are given by :

A= (—wcosb ’wsme) B = (O 0), C = (wcos@ wsin ), and the
shadow point S is given by : S = (A B ) f» where :

sin § cos 00.—cost951n 0 0 < 90 <0
fp — {

sin

0 9<90<%.
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String Lengths|

Thus we are only considering illumination angles from 0 < 6y < 7 so that
shadows can only occur on facet 1. The slope angle is 6 and the
illumination angle 6, is measured from the horizon.

The distances between points or “string lengths” are given by :
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Figure 2: Crossed string method to compute view factors.

View Factors|

The view factors can be computed using Hottel’s crossed string method,
Hottel and Sarofim (1967). An example of the method is shown in Fig. 2.

The view factor between two infinite strips with areas S; and S5 is given
by :

AD + BC — AC — BD
S1Fip =

2 ?
where AD is the length between the points A and D, etc.

IGARSS’94
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We list now the view factors between all facets (1a, 1b, 2 and 3). Note
that view factors from and to facet 1b exist only if there is a shadow point

S :

AB+CS - AC — BS
2w(1 - fp) ’

Fip = BS —I_leu? — CS, zfg exists,
P

AB+CS - AC - BS
FZla,: )

2w

BC+BS-CS -
Fop = T 5 , tfS exists,
w

AS+ AC - CS
2w(l — f,) ’

Fips = AB + Ci;fAS — BC, zfg erists,
P

AS+ AC -CS
F3la,: )

4w cos @

AB+CS - AS-BC |, .5 .
Fsp = Fi— , tfS exists,

F1a2:

F1a3:

and
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Radiosity Equations for a Wedge|

Facets 1a and 2 are illuminated and have initial emission terms :
s LT s
Ela:p1EOCOS<§—90—|—9>, ’Lf |§—90—|—9| <§
7r ¢ 7r
E2:p2EOCOS(§—90—|—9), ’Lf |§—90—|—9| <§
where p; is the reflectance of slope 1 and py is the reflectance of slope 2.

FE is the total incident solar power per unit area in [Wm™2].
The radiosity equations for the three facets can then be written as :

B, = Eig + p1[F1a2Ba + Fla3Bsiyl,
Biy = p1[Fla2Ba + F133Bsiy ],

and

By = Ey + p2[F214B14 + Fo15B1p + Fag Biy .-
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Solution of Radiosity Equations

The above equations can be solved iteratively and the convergence
criterion is met when the root mean square error A of successive iterations
(2 4+ 1) and (2) reaches a lower limit € :

3

for:=1,2,3,....
Note that the following weighted sums of view factors add up to unity :

AG+D) J[(B£a+1) _ ngz 4 <B£b+1) _ B&))g 4 (Bg +1) _ Bg ))2]7

171&2(1 - fp) + Flefp + 1771&3(1 - fp) + F1b3fp - 17
Fo10 + Fo1p + Fo3 =1,

and
F314 + F315 + F30 = 1.

Note : We have included the contributions from sky light (Bsgy) in
these formulas but have set the term to zero for our calculations.
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BRF of a Wedge]|

To compute the BRF from the radiosities, we need to compute the
visibility of each facet from a given view direction 8, which is defined as
the counter clockwise angle measured from the x axis. The BRF is then

given in general by (see Borel and Gerstl (1994))

P1oBig + PipBiy + Py By
pradiosity<90; 91}) — EO .

The visibilities F; for each facet depend on the slope and viewing angle

and can be written as :

1 0<0, <6,
. = 0. < 0, <0
la =\ 1— fp[1+tt;$09v] 0<0,<m—0 )
0 T—0<0,<m
0 0<6, <6,
Py =4 ]ip_;;v 0. <0, <0
L1+l g<p,<m—0
0 T—0<0,<m
and
0 0<b8,<8
P={jl—l)0<0,<m—0 .
1 T—0<0,<m
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The angle 6. is given by :

0, = tan~1[ 2L = 0],
Ca; - Sa;
The variable f, is given by :
fv _ sin 6 cos H;i;e;os 9032'”911 s 0< 91} < 0 .
] _ —sin cosSiqr,l;COS smby < 91} < T

The projection of the ray from the observer onto the wedge is the :

. {(/Y—E)fv 0<6,<0

— —

(C-B)f, T—0<0,<7

The sum of the visibilities is equal to unity for all view angles from 0 to .
The BRF of a wedge, neglecting multiple reflections between the facets, is

given by :
PioEre + Pyl + PaEy
psingle<90; 91}) - EO .
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Results]

The simple wedge model yields some interesting results which seem at first
not correct but can be explained. For example if we compute the BRF for
a wedge with a slope angle § = 50° and a sun angle of 6y = 40° we get the
BRF shown in Fig. 3.

The radiosity computed BRF for viewing zenith angles greater than 50° is
larger than unity. How can this be? First we note that the light is
perpendicularly incident on facet 1, thus the reflectance in the single
scattering case must be equal to unity. Second we note that the shaded
facet 2 when viewed at angles less than —40° is completly dark for the
single scattering case but has a BRF of 0.2744 for a 100 % reflecting
surface. Third we note that the view factor from facet 1a to facet 2 is

Flq0 = 0.3064. Fourth, the amount of light facet 1b receives from facet 2 is
given by FjBy = 0.30640.2744 = 0.0840 which must be added to the
single scattering term. Thus we have shown that the BRF for this case can
be indeed be larger than unity. From Fig. 3 one can see that the effect of
scattering of light from the adjacent facet is greatest in the shadowed
region (6, < —40°), this is consistent with the results of other studies.

IGARSS'94 Borel and Gerstl, LANL
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Figure 3: BRF of a wedge with a slope angle § = 50° and a sun angle of 6, = 40°
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